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Introduction
Duchennemusculardystrophyiscausedbythe
absenceofthemusclecytoskeletalproteindystrophin.
Utrophinisa395kDacytoskeletalproteinwithahigh
degreeidentitywithdystrophinattheaminoacidlevels
andisanautosomalhomologueofdystrophin,and
overexpressionofutrophinisexpectedtocompensate
forthedystrophindeficit.Recently,Takahashietal.
(2005)reportedthatthe5.4kb5'-flankingregionofthe
utrophingenecontainingtheA-utrophincorepromoter
driveshighlevelsoftransgeneexpressioninliver,
testis,smalintestine,submandibulargland,andcolon,
butnotinheartandskeletalmuscle.Inordertoclarify
theregulatorymechanism ofutrophinexpression,in
thepresentstudy,wegeneratedanuclearlocalization
signal-taggedLacZtransgenic(Tg)mouse,inwhich
theLacZgenewasdrivenbythe129bpdownstream
utrophinenhancer(DUE)andthe5.4kb5'-flanking
regionoftheutrophinpromoter(Fig.1).
ResultsandDiscussions
Invivostudy:Theexpressionpaternsofthetransgene
wereconsistentwithendogenousutrophininliver,
testis,colon,submandibulargland,cerebrum,cerebe-
lum,heartandtibialisanterior(TA)muscle(Fig．2).
Inskeletalmuscle,A-utrophinisexpressedinNMJs,
peripheralnerves,and largerblood vessels.We
detectedβ-galexpressionnotonlyinmyonuclei
locatedclosetoNMJsbutalsoinmyonucleiremote
fromNMJsinDUETgskeletalmuscles,butitisnot
clearwhetherornotβ-gal-positivenucleiwere
presentinnervesandbloodvessels.
Thepresentstudyexaminedexpressionofthe
transgeneunderaconditioninwhichexpressionof
endogenousutrophinisaugmented.Recently,itis
reportedthattranscriptionofA-utrophinwasactivated
inregeneratingmuscleunderDUEcontrol.Therefore,
thepresentstudyinjectedCTXintoskeletalmusclesof
Tgmicetodamagemusclefibers,andanalyzedβ-gal
expressionduringmuscleregeneration.Theβ-gal
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Fig.2 Expressionofendogenousutrophinandβ-galincerebrum,cerebelum,heartandTA
muscleofDUETgmice(Tanihataetal,2008)
Fig.1 Diagramofthetransgeneusedinthisstudy.
exon 1A exon 2
Downstream utrophin enhancer 
(129 bp: DUE)
5385 bp 7075 bp 3203 bp
5’-end of the utrophin gene LacZ
nls rabbit -globin polyADUE
100μm
－111－
人間科学研究 Vol.21,No.２（2008）
signalswerestronglydetectedinextrasynapticregions
at5or7daysafterCTXinjection(Fig.3).Moreover,
transgenemRNAlevelswerealsoelevatedat3or5
daysafterCTXinjection.Thesetransgeneexpressions
coincidedwelwiththeexpressionofendogenous
utrophin.
Moreover,utrophin was alsoregulated in the
dystrophicprocessofmdxmouseskeletalmuscle.To
examine the transgene expression in dystrophin-
deficientmuscle,wematedDUETgmalemicewith
expressedalongthesarcolemma,andsomeofmyo-
nucleiofskeletalmuscleofDUETg/mdxmalemice
werepositiveforβ-gal.Wealsofoundslightly
elevatedmRNAlevelsderivedfromthetransgenein
skeletalmuscleofDUETg/mdxmicebyRT-PCR.
Invitrostudy:Weculturedprimarymyoblastsfrom
skeletalmusclesofDUETgmice,andsomeofthe
cultureswereinducedtodiferentiate.Thosecelswere
stainedwithX-Gal.Expressionofthetransgenewas
detectedinprimarymyoblastsofDUETgmice.Inthe
DUETgmice.Theup-regulationofthetransgenewas
furtherinvesti-gatedatthemRNAlevel,anditwas
foundatalaterstageofmusclediferentiation.Very
interestingly,theexpressionprofilesofβ-galand
utrophinwereinaccordancewiththatofMEF2C,but
notcompatiblewiththatofmyogenin(Fig.4).
IthasbeenalreadyreportedthatMEF2Cmediates
thepromoteractivityofc-jun.TheMEF2C-c-jun
pathwayisoneofthecandidatestoregulateutrophin
expressionviaDUE.Analysisofthetranscriptional
factorsthatinteractwithDUEsequences,particularly
theAP-1site,wouldbeveryintriguingandshouldbe
clarifiedbyafuturestudy.
Conclusion
Itislikelythatextrasynapticexpressionofutrophin
inskeletalmuscleofDMDpatientswouldameliorate
thedystrophicpathology,atleasttosomeextent.These
resultsdemonstratethatDUE isindispensableto
utrophinexpressioninskeletalmuscleandheart.To
furtherinvestigatetheup-regulationmechanismsof
utrophininbothtissues,weneedtosearchfor
transcriptionfactorsboundtoDUE.Inaddition,we
establishedprimarymyogeniccelsfromDUETgmice
andfoundthatutrophinup-regulationdependsonthe
DUEmotifduringmusclediferentiation.Thesecels
provideahighthrough-putscreeningsystemfordrugs
thatcanup-regulateutrophinexpressioninmyogenic
cels.
Fig.3 TransgeneexpressionduringmuscleregenerationinCTX-injectedDUETgmice(Tanihataetal,2008)
Fig.4Transgeneexpressioninprimaryculturedmyoblast
andmyotubefromDUETgmice(Tanihataetal,
2008)
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